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Abstract of JP8012460 

PURPOSE:To obtain a honeycomb ceramic 
structure having high thermal shock 
resistance, capable of being constituted in any 
dimension and in a large size by laminating 
honeycomb ceramic modules of a fixed shape 
in the axial direction of their open cells. 
CONSTITUTION.This honeycomb ceramic 
structure 1 is constituted by laminating plural 
honeycomb ceramic modules 2 (cell walls 4) 
having fixed open cells 3 and fixed thickness in 
the axial direction of the open cells 3. The 
honeycomb ceramic modules 2 are generally a 
laminar or disklike shape. The honeycomb 
ceramic modules 2 have preferably >=10cm 
longer diameter L in the cross direction of the 
open cells 3 t >=1 mm thickness T in the axial 
direction of the open cells 3 and <=0.5T/L A 
layer material for shock absorption having 
open cells is preferably arranged between the 
honeycomb ceramic modules 2 and/or the end 
face of the honeycomb ceramic structure 1 so 
as to absorb at least one of mechanical and/or 
thermal stress. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]Honeycomb shape ceramic structure which laminates to shaft orientations of a 
puncturing cell and allocates two or more said honeycomb shape ceramic modules of 
predetermined thickness so that it may have a predetermined puncturing cell and shaft 
orientations of plurality and a puncturing cell may open a given thickness Mino honeycomb 
shape ceramic module for free passage. 

[Claim 2]The honeycomb shape ceramic structure according to claim 1 , wherein said 

honeycomb shape ceramic module has tabular or the shape of a disk. 

[Claim 3]The honeycomb shape ceramic structure according to claim 1 or 2 to which the major 

axis L of a transverse direction of a puncturing cell of said honeycomb shape ceramic module 

is characterized by thickness T of shaft orientations of 10 cm or more and a puncturing cell 

being [ T/L of 1 mm or more, and thickness / major-axis ratio ] 0.5 or less. 

[Claim 4]The honeycomb shape ceramic structure according to any one of claims 1 to 3, 

wherein at least one of said the honeycomb shape ceramic modules is a different gestalt from 

other modules. 

[Claim 5]said puncturing cell open for free passage - abbreviated - the honeycomb shape 

ceramic structure according to any one of claims 1 to 4 currently forming a fluid channel 
j ******** j 

[Claim 6]A puncturing cell cross section of each of said honeycomb shape ceramic module is 
circularly and mutually the same, said each honeycomb shape ceramic module -- the center of 
said puncturing cell cross section - as an axis - mutual - rotation - or - laminating alternately 
- said puncturing cell open for free passage - abbreviated - the honeycomb shape ceramic 
structure according to any one of claims 1 to 5 currently forming a fluid channel [ ******** ]. 
[Claim 7]So that mechanical or/and at least one thermal stress may be absorbed between said 
honeycomb shape ceramic modules or/and to the end face of honeycomb shape ceramic 
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structure, The honeycomb shape ceramic structure according to any one of claims 1 to 6, 

wherein layer material for impact absorptions which has a puncturing cell is allocated. 

[Claim 8]The honeycomb shape ceramic structure according to any one of claims 1 to 7, 

wherein said honeycomb shape ceramic structure is catalyst support. 

[Claim 9]The honeycomb shape ceramic structure according to claim 8, wherein at least one of 

said the honeycomb shape ceramic modules is supporting a different catalyst from other 

modules. 

[Claim 10]The honeycomb shape ceramic structure according to claim 8 or 9, wherein said 
each honeycomb shape ceramic module is more than a kind of an oxidation catalyst carrier, a 
reduction catalyst carrier, and particle adsorptivity porosity. 

[Claim 1 1]The honeycomb shape ceramic structure according to any one of claims 8 to 10, 
wherein said honeycomb shape ceramic structure is the catalyst support for automobile 
exhaust. 

[Claim 12]The honeycomb shape ceramic structure according to any one of claims 1 to 1 1 , 
wherein at least one of said the honeycomb shape ceramic modules consists of different 
quality of ceramics from other modules. 

[Claim 13]The honeycomb shape ceramic structure according to any one of claims 1 to 12 
calcinating from a ceramic raw material and a raw material which uses organic textiles as the 
main ingredients. 

[Claim 14]The honeycomb shape ceramic structure according to any one of claims 1 to 13 
calcinating from a ceramic raw material and a raw material which uses an inorganic fiber as 
the main ingredients. 

[Claim 15]The honeycomb shape ceramic structure according to any one of claims 1 to 14, 
wherein a peripheral face of said honeycomb shape ceramic structure is wrapped in a sheet- 
shaped body membrane or a tubular body which consists of metal. 



[Translation done.] 
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2.**** shows the word which can not be translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]About honeycomb shape ceramic structure, especially this invention is 
excellent in a heat-resistant shock, and suitable for the use as catalyst support. It is the big 
feature that there is little pressure loss, and there are few engine horsepower losses. A 
structure top sound deadening effect is large, and excellent also in the environmental aspect. 
[0002] 

[Description of the Prior Art]Honeycomb shape ceramic structure has large specific surface 
area, and since a fluid can be made to flow through a breakthrough, it has been used as the 
catalyst support for cars (diesel-particulate filter), or a chemical reaction catalyst carrier. 
[0003]ln the field of the catalyst support for cars as which construction material with especially 
strong thermal shock resistance and an organization are required, by extrusion molding, 
crystal orientation of the cordierite was carried out and it was made into honeycomb shape 
ceramic structure. 

[0004]As honeycomb shape ceramic structure and a manufacturing method, Besides extrusion 
molding, in JP,48-661 12,A. Irregularity working of the monotonous ceramic sheet (ceramic raw 
material sheet) was carried out, to the hoop direction (direction with a section parallel to the 
field which makes a honeycomb) of the cell (uneven part), it laminated or involved in, the 
concavo-convex sheet was calcinated, and it was considered as honeycomb shape ceramic 
structure provided with a puncturing cell. 

[0005]Similarly, in the direction parallel to the field which accomplishes a honeycomb, the 
section involved the tubular long pipe which forms a puncturing cell in plurality and a 
monotonous ceramic sheet (ceramic raw material sheet), calcinated it, and was considering it 
as honeycomb shape ceramic structure provided with a puncturing cell at JP,48-66112,A. 
[0006]ln the porosity ceramic structure which has the three-dimensional network structure 



http://ww4.ipdl.inpi^ 5/15/2008 



JP,08-012460,A [DETAILED DESCRIPTION] 



Page 2 of 25 



. which forms the internal communicated space of a large number which lead outside in JP.57- 
179060A In the state of having plasticity, from the both ends of said structure, with the rod, 
the hole which is independent and does not penetrate a structure mutually was made, and the 
ceramic structure which has a puncturing (free passage) cell according to this hole and the 
three-dimensional network structure was manufactured. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in extrusion molding, the size of the 
structure obtained had a limit. For example, in order for the mobility of a molding material to fall 
and for extrusion molding to obtain the structure of a big diameter difficult, a structure thick to 
the shaft orientations of a puncturing cell had to be combined, and the metallic mold also had 
to enlarge it. The outer diameter of 10-15 cm was actually a limit. 
[0008]The amount of money for plant-and-equipment investment of the extrusion molding 
apparatus was large, and the yield of shaping products was holding the problem that it was 
bad and there was much material loss. 

[0009]At the time of use, at the time of start up, the rapid rise in heat especially arose locally, 
the big temperature gradient at an exhaust gas entrance and an exit arose, and a structure 
long (thick) to the shaft orientations of a puncturing cell had the large thermal shock, especially 
when using, for example as catalyst support for exhaust gas for cars. Therefore, the size of a 
structure had restriction. 

[0010]ln the honeycomb structure formation process in the state of having predetermined 
plasticity among a manufacturing process. For the fall of the product yield by modification the 
structure of a major diameter or a major axis is further apt to produce a crack, a crack, or 
destruction with heat stress by the limit and compacting pressure of self holding force also at 
the time of ceramic sintering, and according to firing shrinkage big moreover, It was difficult to 
manufacture large-sized honeycomb shape ceramic structure. 

[001 1]Since the whole consisted of one structure, the conventional honeycomb shape ceramic 
structure also as catalyst support is difficult for supporting a different catalyst, and, for that 
purpose, needed complicated processes, such as partial masking. 
[0012]Especially the catalyst support for automobile exhaust needs to achieve the function 
(oxidation, reduction, and particle adsorption) in which character differs. Therefore, if neither 
engine burning conditions nor the temperature of catalyst support of 3 yuan (3 way) was 
moreover precisely controlled, for example using the catalyst, predetermined exhaust gas 
removal performance was not demonstrated. However, since the aforementioned conditions 
changed with the time of start up and a heavy load, or external atmospheric temperature, it 
was impossible under technical, spatial, time, and predetermined cost restriction to have 
removed the toxic substance of all the kinds by all operating conditions in practice. Although 
the technical solution is not in prospect even now about especially a diesel engine and the 
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exhaust gas purifying facility for large-sized engines moreover, the solution has been a 
pressing technical problem on environmental protection. 

[0013]This invention is [ 1st ] strong to a thermal shock, can be constituted in arbitrary sizes, 
and let it be a technical problem to provide the honeycomb shape ceramic structure made also 
on a large scale. It aims at specifically providing a thing usable as catalyst support with high 
catalyst efficiency, the catalyst support for chemical reactions, a flue gas treatment apparatus, 
a bioreactor, a wastewater purge, a drinking water purge, especially exhaust gas catalyst 
support for cars as the use, for example. 

[0014]This invention makes it a technical problem to make it the 2nd provided with two or more 
functions into one structure. 

[0015]This invention makes it a technical problem to provide the honeycomb shape ceramic 
structure calcinated from the puncturing cellular structure whose chemical reaction efficiency, 
such as catalytic reaction, or heat exchanging efficiency is [ 3rd ] high, or a raw material. 
[0016]At the time of honeycomb shaping and calcination, this invention makes it a technical 
problem to provide the structure of the honeycomb shape ceramic structure in which the 
improvement in the yield at the time of manufacture is possible so that defective generating of 
a crack, a crack, etc. may decrease to the 4th. This invention carries out [ 5th ] providing 
honeycomb shape ceramic structure for exhaust air especially applicable also to a large-sized 
engine to use for a purge also to diesel engines, such as a motor coach, a heavy-duty truck, a 
railroad, power generation, and a marine vessel, with a technical problem. 
[0017] 

[Means for Solving the ProblemJIn [ this invention attains at least one of the above-mentioned 
purpose and the technical problems, and ] the 1st viewpoint of this invention, As it has a 
predetermined puncturing cell and shaft orientations of plurality and a puncturing cell open a 
given thickness Mino honeycomb shape ceramic module for free passage, it is the honeycomb 
shape ceramic structure which laminates to shaft orientations of a puncturing cell and allocates 
two or more said honeycomb shape ceramic modules of predetermined thickness (claim 1). 
[0018]With a predetermined puncturing cell, a gestalt of shaft orientations of a puncturing cell 
contains the number of puncturing cells, a diameter of puncturing, puncturing area per 
puncturing cell cross sectioned direction area, the length of a cell wall and a cell or a ratio of 
area, and a thing from which three-dimensional gestalten, such as spiral, a letter of zigzag, 
stair-like, and tapered shape, differ further. 

[0019]A case where a module in which thickness differs from a given thickness Mino module is 

laminated is included. 

[0020] 

[A suitable means] The 2nd suitable means is honeycomb shape ceramic structure given in 1st 
means by which said honeycomb shape ceramic module is characterized by having tabular or 
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the shape of a disk (claim 2). 

[0021]lt is honeycomb shape ceramic structure large-sized [ the 3rd suitable means ] and thin, 

The major axis L of a transverse direction of a puncturing cell of a honeycomb shape ceramic 

module is honeycomb shape ceramic structure given in the 1st and the 2nd means which 

thickness T of shaft orientations of 10 cm or more and a puncturing cell is characterized by T/L 

of 1 mm or more, and thickness / major-axis ratio being 0.5 or less (claim 3). 

[0022]With other modules, the 4th suitable means Thickness of shaft orientations of a modular 

puncturing cell, It is the honeycomb shape ceramic structure which is honeycomb shape 

ceramic structure given in a means of either of the 1-3rd means which has a different module 

in a modular outer diameter, a gestalt of a puncturing cell, etc. (claim 4). 

[0023]a puncturing cell which the 5th suitable means opens for free passage - abbreviated - it 

is honeycomb shape ceramic structure given in the 1-4th ones forming a fluid channel 

[ ******** ] of means (claim 5). abbreviated - a case where a channel is formed stair-like or in 

the shape of zigzag as ******** is included, a fluid which passes a puncturing cell open for free 

passage - abbreviated - the puncturing cell itself which should just form a flow [ ******** ] and 

is not necessarily open for free passage - abbreviated - ********. 

[0024]The 6th suitable means laminates the same honeycomb shape ceramic module of each 
other [ puncturing cell sectional shape / in a circle ] to rotation or each-other difference on the 
same axle in a hoop direction of a puncturing cell section, a puncturing cell open for free 
passage - abbreviated - it is honeycomb shape ceramic structure given in the 1-5th ones 
forming a fluid channel [ ******** ] 0 f means (claim 6). 

[0025]The 7th suitable means is honeycomb shape ceramic structure given in the 1-6th ones 
combining layer material for impact absorptions with an inter module or a structure end of 
means. Methods of combination are immersion, spraying, welding, welding, adhesion, 
calcination, fitting, etc., for example. Metal, such as the above-mentioned spring shape, plate- 
like (stratified), or block shape besides the usual elastic members, such as flat spring, a 
belleville spring, a coil spring, and rubber, semimetals (silicon etc.), or an alloy may be 
sufficient as impact absorption layer material (claim 7). 

[0026]lt is honeycomb shape ceramic structure given in the 1-7th ones, wherein the 8th 
suitable means makes a structure of this invention catalyst support of means (claim 8). 
[0027]The 9th suitable means is honeycomb shape ceramic structure given in the 8th means a 
certain module's supporting a different catalyst from other modules, and exhibiting a different 
function (claim 9). 

[0028]ln the 9th means, each catalyst which mediates oxidation, reduction, particle adsorption, 
and disintegration especially the 10th suitable means, It is honeycomb shape ceramic structure 
given in a means of the 8th or 9, wherein at least one kind is supported in a module which 
accomplishes a structure (claim 9). A module which is a three-way catalyst carrier is also 
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contained in the range of this means so that all three above-mentioned operations may be 
performed. 

[0029]lt is honeycomb shape ceramic structure given in the 8-1 Oth ones, wherein especially 
the 1 1th suitable means is the intense catalyst support for automobile exhaust of a thermal 
shock and a mechanical shock of means (claim 11). 

[0030]lt is honeycomb shape ceramic structure given in the 1-1 1th ones, wherein the 12th 
suitable means consists of quality of ceramics from which a module differs of means (claim 
12). For example, they are cordierite and alumina. Also of the same ingredient, also when an 
organization differs from a crystal structure, it contains. 

[0031 ]The 13th suitable means is honeycomb shape ceramic structure given in the 1-1 2th 
ones, wherein a calcinated raw material of a structure uses ceramics and organic textiles as 
the main ingredients of means (claim 13). Organic textiles are burned down at the time of 
calcination, and form predetermined porosity according to a kind, a gestalt, and a firing 
condition (temperature, atmosphere) of organic textiles. 

[0032]lt is honeycomb shape ceramic structure given in the 1-13th ones, wherein the 14th 
suitable means is calcinated from a ceramic raw material and a raw material which uses an 
inorganic fiber as the main ingredients of means (claim 14). 

[0033]The 15th suitable means is honeycomb shape ceramic structure given in the 1-1 4th 
ones that wrapping in a sheet like body or a tubular body which a peripheral face of 
honeycomb shape ceramic structure becomes from metal of means (claim 15). With a sheet 
like body or a tubular body, even a sheet like body or a tubular body formed in thickness of 
several centimeter order by winding a metal plate around a cylindrical shape at honeycomb 
shape ceramic structure, for example from a thin film (sheet like body) of thickness below a 
micrometer formed by plating etc., for example is included. A case where honeycomb shape 
ceramic structure is fitted in and accommodated in a metallic tubular body (tube-like object) is 
included. A tubular body which consists of metal may be honeycomb structure. As a metallic 
material which makes a film or a tubular body, a heatproof of stainless steel etc. and a 
corrosive resistant material are preferred. 
[0034] 

[Function]Honeycomb shape ceramic structure of this invention is characterized [ 1st ] by 
consisting of two or more honeycomb shape ceramic modules. Although ceramics have the 
feature which was excellent in high hardness, a high-melting point, etc., they are brittle 
materials in one side. 

When there was especially a thermal shock (a rapid temperature change and a heat gradient), 
and it was not special construction material and a manufacturing method, it was difficult to use 
ceramics. 
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[0035]For example, to the catalyst support for exhaust gas of a car, make cordierite with a 
dramatically small coefficient of thermal expansion into extrusion molding, the specific direction 
of a crystal is made to carry out orientation of the crystal orientation to one way, and it is 
producing commercially. 

[0036] However, there is a limit in enlargement of a carrier, and the thinning (improvement in 
the degree of cell) of a cell wall according to problems, such as a thermal shock by a 
temperature gradient with an exhaust gas entrance and an exit, and such catalyst support was 
not able to obtain sufficient mechanical strength, either. If it enlarges also from a viewpoint of 
manufacturing processes (extrusion molding etc.) (structure especially huge to cell shaft 
orientations), the mobility and crystal orientation of a molding material will worsen, The thinning 
(improvement in the degree of cell) of cell thickness also became causes, such as destructive 
modification of the cell frame at the time of aggravation and unmolding of the mobility of a 
molding material, and was difficult to put in practical use. 

[0037]The initial investment concerning equipment of an extruding press machine etc. is very 
large. 

[0038] However, in order to improve catalyst efficiency and performance, it is necessary to 
extend the surface area of a carrier by enlargement of catalyst support, or the thinning of cell 
thickness. Furthermore, for prevention of pollution, the emission control of a car becomes still 
severer and toughening of regulations of nitrogen oxides will be performed in toughening of 
regulations of the nitrogen oxides of the diesel rolling stock of small size and a medium size 
and Heisei 6, and 7 in Heisei 2 and 4 in recent years about a diesel weight vehicle, and the 
amount of inside and a weight gasoline track bus, respectively. Each of these types of a car is 
large displacement. 

In order to clear such regulation, development of the outstanding catalyst support serves as 
pressing need. 

[0039] Enlargement and the thinning of cell thickness are possible for the honeycomb shape 
ceramic structure of this invention, and it is the best for contributing to prevention of pollution 
as large catalyst support for cars corresponding to the above-mentioned exhaust gas 
toughening of regulations. 

[0040]That is, it is the honeycomb shape ceramic structure which has the structure which 
absorbs a thermal shock by laminating to the shaft orientations of a puncturing cell and 
comprising said honeycomb shape ceramic module of predetermined thickness. 
[0041]Since the cell axial distance of each module becomes short when the structure is made 
of not one but two or more modules, and the temperature gradient between tap holes 
decreases from the input to an exhaust gas flow direction in each module, the thermal shock of 
each module decreases. The thermal shock of the puncturing cell-radius direction (cross 
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sectioned direction) also decreases. 

[0042]The honeycomb shape ceramic structure which consists of a module with it, [ a large 
and major axis of such a transverse direction of a puncturing cell and ] [ thin to the shaft 
orientations of a puncturing cell ] It is formed in one like before, and compared with the 
structure (the major axis of the transverse direction of a puncturing cell is greatly thick to the 
shaft orientations of a puncturing cell) of the outside, the temperature gradient per each 
module (the degree of thermal shock) is small, and there is almost no possibility of being 
divided by distortion by a thermal shock. 

[0043]Since it was divided by the smallness of the structure-preserving power at the time of 
shaping, contraction distortion at the time of sintering, etc. and poor shaping / sintering, such 
as a crack, occurred, the yield fell and utilization of a major axis fabricating and sintering a 
thick large and structure by one was not completed. 

[0044] However, the structure which consists of a module of this invention is a structure which 
shows the operation that can manufacture in arbitrary sizes according to the purpose of use 
and a use (arbitrarily selectable in especially the thickness of cell shaft orientations), and the 
manufacture defect at the time of the above shaping or sintering does not occur, and it is 
strong to the thermal shock at the time of use. 

[0045]lf a module structure body is used especially in the case of a major diameter and a 
structure thick as a whole, the operation that the above-mentioned manufacture defect does 
not occur and it is strong to the thermal shock at the time of use is effective. 
[0046]Although it is typically considered as profile tabular thru/or the shape of a disk, The 
module which forms the honeycomb shape ceramic structure of this invention, The major axis 
L of the transverse direction of the puncturing cell of a honeycomb shape ceramic module of 
T/L of 0.3-1 cm, or thickness / major-axis ratio is [ thickness T of the shaft orientations of 10 cm 
or more or a puncturing cell ] the honeycomb shape ceramic structure which is 0.5 or less 
preferably. The manufacture defect at the time of the above shaping or sintering does not 
occur, and the structure which consists of such a module shows the operation that it is strong 
to the thermal shock at the time of use. 

[0047]One of the modular desirable gestalten which makes a structure is honeycomb shape 
ceramic structure whose T/L of 1 mm or more, and thickness / major-axis ratio thickness T of 
the shaft orientations of 10 cm or more and a puncturing cell is 0.5 or less in the major axis L 
of the transverse direction of the puncturing cell of a honeycomb shape ceramic module. 
[0048]T/L of the thickness / major-axis ratio of a honeycomb shape ceramic module of one of 
the modular more desirable gestalten which makes a structure is the honeycomb shape 
ceramic structure whose T/L is or less 1 / 50 to 1/100 still more preferably 1/10 or less. 
[0049]Such by laminating many thin modules relatively, the structure of the size which was not 
able to be conventionally realized by poor shaping / calcination can be formed. Many modules 
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provided with the function and gestalt of different species and a variety can be laminated, and 
various functions can be demonstrated in one structure. 

[0050]ln this invention, thermal expansion is absorbable by the joining section of an inter 
module. That is, shock absorbing material can be provided in the plane of composition of an 
inter module one, and a module can be joined. 

[0051 ]ln the structure set to two from two or more modules, shock absorbing material is 
allocated in the both ends of an inter module or/and a structure, for example, in the case of the 
catalyst support for automobile exhaust, canning is carried out to EGUZOSUTOPAIPU 
between exhaust gas outlet pipes from engine EGUZOSUTOMANIHORUDO. 
[0052]Thus, since the absorbance of the thermal shock was dramatically large, the structure 
which consists of modules was coating the parent of the very small cordierite of thermal 
expansion with alumina with large surface area conventionally, but. It became possible by this 
invention to also use raw materials with a comparatively large coefficient of thermal expansion 

(8x10" /**), such as alumina, for the parent itself. Alumina also has the advantage that intensity 
is high and can extend the applicability to the honeycomb shape ceramic structure of the 
ceramic raw material which has the various outstanding characteristics in this way by this 
invention. 

[0053]Each module is laminated so that a cell may penetrate to shaft orientations (free 
passage). The communicating hole of this penetrated cell does not need to have a continuous 
cell wall which is linear or/and forms a hole. The structure where the structure formed the 
shape of a curve thru/or spiral, stair-like, or in the shape of JIGUZAKU or division and re- 
unification of a fluid, and its repetition are performed, An opportunity with the gas at the time of 
aeration to contact can be increased, and it is desirable, and structure whose pressure loss of 
a fluid decreases by the fluid which passes a cell serving as an approximately ******** style 
even when a cell wall is intermittent is also preferred, and it is a big advantage of 
modularization of the structure of this invention that these can choose freely. 
[0054]According to this invention, a communicating hole [ ******** ] can be easily formed by 
making a shaft center rotate each module little by little (changing an angle), or making it join 
alternately. 

[0055JA stair-like communicating hole can be formed changing cell meat width little by little or 
by the module of the same cell sectional shape also shifting these modules, and combining 
them. [ two or more ] 

[0056JA different function for every module can be given to shaft orientations as an advantage 
of modularization. For example, each module which supports the optimal catalyst for business, 
such as particle adsorption, HC, CO, and NO x , is combinable. Since it is an integral type 

conventionally, it is difficult for the inside of a cell to provide a different coating layer after 
shaping, and the structure of banding together the cell pipe with which functions differ in a cell 
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cross sectioned direction is also considered, but. In this structure, since each cell acts only on 
one kind of object to shaft orientations (absorption, adsorption), performance will be very 
inferior. 

[0057]By this, only the module for particle adsorption easily got blocked also especially, for 
example at the time of exchange is exchangeable. 

[0058]According to the above-mentioned feature, the honeycomb shape ceramic structure of 
this invention can carry out catalyst support for automobile exhaust, and cannot stop at a 
gasoline engine, but can also use the object for diesel power plants, and a deer for large-sized 
engines. Although there are flue gas treatment apparatus, such as catalyst support in various 
chemical reactions, a bioreactor, a factory, and plant, a water purifier, a wastewater purge, etc. 
in typical uses other than the catalyst support for automobile exhaust, the use of the 
honeycomb shape ceramic structure of this invention is not limited to these. 
[0059] 
[Example] 

Based on <Example 1> drawing 1 , the outline of one example of the structure of the 
honeycomb shape ceramic structure 1 of this invention is explained, (a) is a strabism 
penetration figure of the honeycomb shape ceramic structure 1 , it is a strabism penetration 
figure of a honeycomb shape ceramic disk-like module, (c) is a sectional view of the direction 
of c-c' of (a), and (b) shows the puncturing cell 3 and especially the cell wall 4. 
[0060]That is, it is divided into the cell wall 4 and there are many puncturing cells 3 ( drawing 1 
(c)). Two or more (figure five pieces) laminations of the honeycomb shape ceramic module 2 
(drawing 1 (b)) which has the puncturing cell 3 of such sectional shape are carried out 
(drawing 1 (a)). It laminates so that the puncturing cell 3 of each module 2 may be open for 
free passage. 

[0061]Some manufacturing methods of the honeycomb shape ceramic module 2 of <Example 
2> this invention are explained. However, the module of this invention is not restricted to a 
manufacturing method given in this example. 

[0062]One is extrusion molding. It is the method of extruding what added and kneaded the end 
of ceramic powder, and a binder (plastic matter) through the dice for shaping corresponding to 
the sectional shape of a puncturing cell, and acquiring a honeycomb shape Plastic solid. The 
dice for shaping consists of a matrix form slit which forms the cylindrical feeding part which 
feeds a plastic matter, and a Plastic solid (cell) part. By this extrusion method, the conventional 
catalyst support for automobile exhaust carries out crystal orientation of the cordierite, and is 
manufactured (a graphic display is omitted). 

[0063]An example of the presentation (weight percentage) of a cordierite base and the relation 
of calcination temperature is shown in Table 1. These raw materials are used also in other 
manufacturing methods. 
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[0064] 
[Table 1] 
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[0065]Then, an example of a ceramic raw material, the kind of binder, and the relation of a 
weight percentage is shown in Table 2. These raw materials are used also in other 
manufacturing methods. 
[0066] 
[Table 2] 
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[0067]lf it replaces or mixes in these ceramic raw materials and straw SUTONAITO is used for 
them, a mechanical strength and shock-resistant intensity can be increased, and it will be 
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desirable, and will be 5 - 60wt% of straw SUTONAITO more preferably. 
[0068]Two are the calendaring (corrugated) method. By corrugated processing or embossing, 
or a concavo-convex sheet is carried out, independent or a plate-like sheet is made into **** 
(**), and honeycomb structure is formed for the plastic matter which adjusted plasticity with the 
forming assistant by winding up to concentric circle shape (a graphic display is omitted). 
[0069]Three are the pipe banding-together method as shown with ** type process drawing of 
drawing 2 (a). The ceramic raw material sheet which considers it as the tube-like object 22 by 
extrusion molding, or has flexibility is rounded off to the tube-like object 22, more than one join 
together, this tube-like object is cut and calcinated with the plate-like ceramic raw material 
sheet 24 in a package lump and a puncturing cell section, and the honeycomb shape ceramic 
module 2 is formed. The structure of the honeycomb shape ceramic module 2 can be acquired 
without said cutting as it is. 

[OOTOJFour include the laminating process of the ceramic raw material hole difference sheet 30 
as shown in ** type process drawing of drawing 2 (b). That is, it is the method of acquiring the 
honeycomb structure which makes many holes in the bulk material (plate) thru/or blank sheet 
which uses a plastic matter as a raw material with a press etc., and has a puncturing cell. 
Perforation is good also by laser beam machining. . [ whether comparatively thin sheet like 
bodies (ceramic paper etc.) are perforated by the ability to also perforate a comparatively thick 
sheet like body (a block body, a plate) by once, and ] Or the structure of honeycomb shape 
can be obtained by manufacturing the sheet like body which the hole opened beforehand by 
paper making etc., and laminating and calcinating those hole difference sheets. 
[0071 ]ln particular, a ceramic raw material sheet is made from the mixtures (plastic matter etc.) 
which consist of a ceramic raw material and organic textiles as a suitable manufacturing 
method, and there is a method of manufacturing a honeycomb structured body by being made 
from it. 

[0072]For example, sheet-shaped-ization of the mixture which contains the plastic matter or 
the ceramics, and the binder containing ceramics by a usual wet paper-making method, doctor 
blade method, or the pressing method besides the rolling method as shown in drawing 2 (c) 
can be performed. 

[0073]ln the rolling method as shown in drawing 2 (c), the mixture 20 and the organic sheet 21 
of ceramics and a binder are compressed with the pressure roll 25, and are sheet-shaped- 
ized, dry shaping is further carried out with the heating roller 26, and the ceramic raw material 
sheet 24 can be manufactured. 

[0074]The mixture of organic textiles and a ceramic raw material can be bulk-ized with a wet 
type or a dry type press, and the honeycomb structure which performs press-die omission as a 
thick sheet like body (block-like-shape object), and has a puncturing cell can also be acquired 
(a graphic display is omitted). 
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[0075]The ceramic raw material sheet obtained by such a method is excellent in flexibility and 
gestalt holding power. 

It is the ceramic sheet which is an example of one manufacturing method of the honeycomb 
shape ceramic module of this invention and which was suitable as a raw material used by the 
four above-mentioned methods. 

[0076]The kind of a ceramic raw material and organic textiles and an example of a weight ratio 
are shown in Table 3. Especially if alumina is contained, the structure of high intensity can be 
manufactured. These serve as various ceramic raw material sheets and manufacturing raw 
materials of ceramic structure. 
[0077] 
[Table 3] 
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[0078]lf it replaces or mixes in these ceramic raw materials and straw SUTONAITO is used for 
them in Table 3 like the case of Table 2 here, a mechanical strength and shock-resistant 
intensity can be increased, and it will be desirable, and will be 5 - 60wt% of straw SUTONAITO 
more preferably. 

[0079]When the honeycomb structured body manufactured from organic textiles and a ceramic 
raw material forms the honeycomb structure before calcination, it is suitable for especially 
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manufacture of the honeycomb structured body which is excellent in flexibility and gestalt 
holding power with the support power to the ceramic particle (powder) of organic textiles, and 
has complicated cell shape. 

[0080]Organic textiles are burned down after calcination, the parent of the quality of ceramics 
serves as porosity, surface area especially increases, and it is desirable as catalyst support. 
[0081]The honeycomb shape ceramic structure manufactured by the above method is 
calcinated, and turns into a porosity sintered compact. Calcination temperature changes with 
construction material and uses. For example, various firing conditions in the case of cordierite 
are as already having been shown in Table 1. 

[0082]An example of the ceramic raw material used as the use raw material of the 
manufacturing method concerning the above honeycomb shape ceramic module (structure) 
and a binder (organic textiles are included) is shown in Table 4. 
[0083] 
[Table 4] 
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[0084]An example of a new-ceramic raw material is shown in Table 5. It can become the 
material of the module (structure) which also requires this new ceramic for this invention. 
Although organic textiles were used as some raw materials of the above-mentioned ceramic 
raw material sheet, an inorganic fiber can also serve as a raw material of the structure of this 
invention, can mix only an inorganic fiber with organic textiles, and can be used as a raw 
material. If an inorganic fiber (ceramic fiber) is used especially, since this is not burned down at 
the time of calcination, it becomes modular (structure) toughness strengthening and it is 
preferred. 
[0085] 
[Table 5] 
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[0086]The raw material (the plastic matter, the binders (organic textiles etc.)) and what is 
called new-ceramic raw materials of the ceramic raw material sheet illustrated to Table 4 and 5 
(a plastic matter, ceramic fiber, etc.) are prepared by various presentations according to the 
purpose and a use. 

[0087]A honeycomb shape ceramic module (structure) may be covered with the slurry which 
contains a ceramic ingredient before calcination (spraying spreading, immersion, etc.). 
Porosity and specific surface area can be adjusted with this. After calcination, it may cover with 
the above-mentioned slurry, and may calcinate further, and intensity increases comparatively. 
It will become high intensity if it covers and calcinates by the slurry which contains an alumina 
ingredient especially. 

[0088]How to carry out plural laminates and to manufacture the honeycomb shape ceramic 
structure 1 so that the puncturing cell 3 may open <Example 3> honeycomb shape ceramic 
module 2 for free passage is explained. In this example, the shape of the module 2 is a disk 
like body (plate) with a circular section. But, it is not restricted to this. Sectional shape has 
polygons, such as a quadrangle, a pentagon, and a hexagon, an ellipse, a semicircle, an 
approximate circle form like fanning, an infinite form, etc. 

[0089]Many things are considered about the method of junction of an inter module. In one, it is 
a mechanical assembly (it fits in in an outer case and thermal expansion and vibration are 
absorbed via an elastic material if needed.). 

[0090]The module 2 which two weld the peripheral part of the module 2 for every module, or 
welds only a part and is not welded is pinched or fitted in with other modules or outer cases by 
which low attachment was carried out. 

[0091]Three apply to the field of the cell aperture of the cell frame 4 of each module the paste 
of silicon oxide which is a sintering aid, yttrium oxide, titanium oxide, etc., and both modules 
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are joined. 

[0092]lt is also preferred as a joining member to insert a heat stress absorption insert material 
into an inter module. For example, they are Fe-nickel-Cr, covar, etc. 
[0093]Four are the method of inserting a rod-like structure (tube-like object) which penetrates 
and holds each module to at least one of the puncturing cells 3 open for free passage. 
[0094]Five are the method of providing a tenon which fits in mutually in each module, and 
joining to it mechanically. In the stage before modular sintering (it has plasticity), such a tenon 
can be provided easily. The above-mentioned joining member may be used together as an 
auxiliary material. 

[0095]Although the module 2 of the same length (shaft orientations of a puncturing cell), an 
equal diameter, and the puncturing cell is laminated in drawing 1 , the module of different 
length, diameter, and puncturing cell may be laminated. The module of doughnut shape in the 
air may be laminated. 

[0096]<Example 4> The three-dimensional structure of the puncturing cell 3 open for free 
passage is explained. In drawing 1 , since the module 2 of same class is laminated with the 
same axle and the degree of isogonism, the puncturing cell is formed in the shaft orientations 
of a puncturing cell linearly (prismatic form). 

[0097] Drawing 3 is a strabism fragmentary sectional view of the honeycomb shape ceramic 
structure 1 . 

(a) - stair-like (stair-like puncturing cell 7) and (b) - ******** (******** puncturing cell 8) - the 
three-dimensional structure of the formed puncturing cell 3 is shown. 

[0098]ln (a), although the level difference in the expedient upper contiguity module of a 
drawing is expanded and exaggerated, in being thin, one another modular cell will flow in two 
or more cells of a contiguity module as a graphic display of a cell wall. 
[0099]thus, the three-dimensional structure of the puncturing cell 3 -- abbreviated - ******** 
(stair-like 7 or the ******** puncturing cell 8) - it can form. When the method combines the 
honeycomb shape ceramic isomorphism-like (outer diameter, puncturing cell shape) module 2 
in the ******** puncturing cell 8, **** rotation (right reverse both directions) of the center is 
carried out for a while on the same axle. Therefore, an outer diameter is in the state which was 
put together, and the internal puncturing cell 3 is [ ******** ] open for free passage [ rotating ]. 
For this reason, the volume of the structure 1 whole increases the contact nature of surface 
area thru/or a passage fluid, without changing, for example, in the case of catalyst support, the 
reaction efficiency over the passage fluid of fixed volume rises. If a fluid carries out RASEN 
rotation, in connection with it, disorder will arise with a flow, and, as for the passage style in a 
cell, the contacting efficiency to a cell wall will increase compared with a parallel straight-line 
style. 
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[0100]stair-like - being, carrying out and setting in the puncturing cell 7 of in-a-completely- 
different-class angle gap arrangement - the puncturing cell 3 - a few - ********** - the module 
2 can be laminated like and the puncturing cell 7 which is open for free passage stair-like like 
drawing 3 (a) can be formed. 

[0101]This stair-like structure is the increase method of surface area that the cross section was 
suitable for the square honeycomb shape ceramic module 2. In the module 2 with a cylindrical 
outside, especially the ******** puncturing cell 8 is suitable. 

[01 02] Drawing 4 shows typically the cell wall 4 of the tabular module 2 laminated by shifting 
the phase of a puncturing cell in the honeycomb shape ceramic structure 1 , and (a) is a top 
view of a cell puncturing side. 

(b) is a side view and the arrow shows a part of flow of the fluid typically. 
A solid line shows altogether the 1st step of cell wall 4a, and the cell wall 4b of the 2nd step of 
module has put in the break on account of the graphic display at the point (point which lap and 
is in sight) which intersects 4a in three dimensions. P1 and P2 show the 1st step and the 2nd 
step of puncturing cell pitch, respectively. 

[0103] Drawing 5 is a top view of the cell puncturing side of the honeycomb shape ceramic 
structure 1 . 

Some cell walls of the module of the shape of a disk disk laminated by shifting the phase of the 
puncturing cell 4 are shown, and the module in which (a) differs in puncturing cell sectional 
shape, and (b) laminate a module with same puncturing cell sectional shape, respectively. 
A solid line shows altogether the 1st step of cell wall 4a, and it shows the cell wall 4b of the 
2nd step of module by the dotted line. The 1st step and the 2nd step of puncturing cell pitch 
are shifted to the radial direction and the circumferencial direction every half pitch, 
respectively. The numerals 5 are structure (module) outer walls, and the numerals 6 are 
structure (module) green sand cores. It is the structure the temperature of the fluid which 
passes the puncturing cell in a cross sectioned direction by the green sand core 6, and whose 
homogeneity of an ingredient increase. 

[0104]Like drawing 4 and the honeycomb shape ceramic structure 1 of drawing 5 , if it shifts 
half a pitch of puncturing cells at a time to every direction, or a radius and a circumferencial 
direction and laminates to it, respectively, The fluid which passed through the central part of 
the puncturing cell by the 1st step of module contacts in the 2nd step at the lattice point of a 
cell wall (3, the 4th step is the same), and a contact opportunity with the cell wall 4 of a fluid 
increases, and moreover, so that clearly [ in drawing 4 (b) ], Since the cross-section area of the 
fluid channel for every module does not change, there is little pressure loss of a fluid. 
[0105]Thus, the cell wall surrounding a fluid channel, i.e., a puncturing cell open for free 
passage, can make not continuation but the fluid which passes a puncturing cell an 
approximately ******** style, even if intermittent. 
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t [0106]Mixing of a fluid which passed through a module peripheral part and the central part 
takes place, and temperature and an ingredient become uniform. Such a structure is suitable 
for chemical reaction apparatus, such as catalyst support, especially the catalyst support for 
exhaust gas removal. 

[0107]moreover - from the module same by rotating the center of said section for a module 
with same puncturing cell sectional shape as shown in drawing 5 (b) as an axis - abbreviated - 
- a fluid channel [ ******** ] can be formed. However, module length, construction material, etc. 
of puncturing cell shaft orientations may differ from each other. 

[0108]By the way, the cell wall (frame) 4 cannot receive destruction by prudence easily by 
being manufactured for every (every small part) module. It is hard to produce destruction by 
the unevenness of thermal expansion also at the time of sintering. For example, since 
extrusion molding can also make a cell wall thin and can raise the degree of cell like cell wall 
thickness 0.2mmt (possible up to about 0.1 to 0.3 mmt), and puncturing cell angle [ of 1.2 mm ] 
**, the surface area in a puncturing cell has an effect of increasing with the total. 
[0109]<Example 5> In using the honeycomb shape ceramic structure 1 as catalyst support 
especially, in order to aim at improvement in specific surface area and catalyst support power, 
alumina coating (gamma-alumina etc.) may be carried out to puncturing cell 3 wall. 
[01 10]After slurry covering (immersion, spraying, etc.), an alumina coating layer (Oba coat) is 
printed with prescribed temperature, and is performed, and adhesion of a carried catalyst is 
possible for it in the form where it included thru/or stuck to the coating layer itself, such as 
formation of a catalyst bed thru/or alumina, as an example - catalyst beds (the precious 
metals, a base metal, etc.) - honeycomb shape ceramic structure 1 base - or it is preferably 
formed on the above-mentioned alumina coating layer of CVD, active metal solder, and solid 
phase (or liquid phase) diffused junction. 

[01 1 1]forming a gamma-alumina coating layer in a honeycomb shape ceramic structure base 
as that in which especially surface area increases and chemical reaction efficiency rises - the 
catalyst 10 - support . ****. There is no catalyst 10 as an independent layer of a catalyst, and 
invades into the particle crevice between porosity alumina coating layers, and is making the 
surface layer of the alumina layer in many cases. 

[01 12]<Example 6> this example explains the honeycomb shape ceramic structure 1 from 

which a function differs every module 2 and which made the catalyst support. 

[01 13]The kind of precious-metals system catalyst, a use, and an example of a carrier are 

shown in Table 6. 

[0114] 

[Table 6] 
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[01 15]The kind of base metal system catalyst, a use, and an example of a carrier are shown in 
Table 7. 
[0116] 
[Table 7] 
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[01 17]As a polyfunctional catalyst, when R is carried out for a rare earth element and T (Mn, 
Fe, etc.) and alkaline-earth metals are D Carried out for a transition element (Mg, Ca, Sr, Ba, 
etc.), the catalyst which has the presentation of R 1 x D x T0 3 is also preferred without expensive 

precious metal elements. It is the range of x= 0.1-0.6 preferably, and is the x= 0.5 
neighborhood still more preferably. 

[01 18]lt is also preferred to use the Cu 2 0 catalyst acquired by doping Cu + to zeolite (for 

example, ZSM type), and calcinating in N 2 or CO atmosphere with the calcination temperature 

of about 800-1000 ** as a catalyst which removes NOx effectively. However, since ZSM type 
zeolite is expensive, it is also preferred to use natural mordenite in addition to this as zeolite. 
[01 19]As an example which made drawing 6 support the catalyst from which the above 
functions differ, especially, The exploded view of the honeycomb shape ceramic structure 1 
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which consists of the particulate (particulate matter) filter (PF) module 2a suitable when it uses 
as catalyst support for automobile exhaust (especially for diesels), heating element module 2b, 
the catalyst support module 2c, etc. is shown. 

[0120]The module 2a is a module which is a particulate matter filter. Construction material is a 
raw material with preferred alumina bases (gamma-alumina etc.), zeolite (for example, 
TEKUTO aluminosilicate), etc. 
A cordierite base may be sufficient. 

Or the mixed base which mixed this etc. and increased the strong point of both base may be 
sufficient. Especially by this module, adsorption treatment of the solid carbide particles is 
carried out. 

[0121]Module 2b is a heating element module. 

It is the honeycomb shape ceramic structure which consists of TiC or B 4 C, SiC, and MoSi. 

The honeycomb shape structure which consists of the metal or the alloy of high resistance and 
high heat resistance may be sufficient. This module can also carry out calcination removal of 
the particles to which it generated heat by energization and the catalyst performance 
reservation at the time after start up of a heavy load was performed and which were adsorbed 
by said module 2a. It is also preferred to use this module as the metal module which uses 
molybdenum as the main ingredients. 
[0122]The module 2c is an oxidation catalyst carrier. 
It is a Pt-Pd system catalyst as an example. 

It oxidizes, and CO, HC, etc. are detoxicated as C0 2 or H 2 0, and are removed. 

[0123]The module 2d is a reduction catalyst carrier. 
It is a Mn-Ce system catalyst as an example. 

NO is returned and it detoxicates as N 2 . Ru system may be used for this as an example. 

[0124]The module 2e is a three way component catalyst carrier. 
It is a Pt-Rh system catalyst as an example. 

It oxidizes, and CO, HC, etc. are set to C0 2 or H 2 0, and NO x is returned, and it detoxicates as 
N 2 . 

[0125]The modules 2d and 2e are further used as **** or other modules if needed, in the 
above-mentioned case, each module 2a, 2b, and 2c respond at necessity - several [-fold / 
arbitrary ] - ******** .. things cannot be overemphasized. Even if arrangement sticks one by 
one, it can change if needed. 

[0126]Since each module 2 can change and design an arrangement place by the operating 
temperature and the relative position of each catalyst to support, catalyst efficiency improves 
substantially as a whole. 

[01 27] According to the description (weight, density, specific surface area) of carbide particles, 
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the carbide particles of various gestalten can all be caught by cell puncturing 3 shape, cell 
sectional shape, a cell diameter, and changing the degree of porosity of a ceramic main body 
further. 

[0128]The sectional view of said honeycomb shape ceramic module 2 which is one example of 
this invention is shown in <Example 7> drawing 7 , and module length L of the cross sectioned 
direction of the puncturing cell 3 and especially module thickness T of puncturing cell shaft 
orientations are shown in it. 

[0129]Like a graphic display, it is preferred for the structure of this invention to come to 
laminate the module of tabular [ comparatively flat ] or the shape of a disk. Because, 
especially, since it is thin, also in the heat strain, thickness T of puncturing cell shaft 
orientations has become [ the temperature gradient of this direction ] small small. A thin thing 
is easy to manufacture and T can manufacture the module 2 of a major diameter (L) easily. 
The major axis L of the transverse direction of the puncturing cell of a honeycomb shape 
ceramic module can manufacture a thing of 10 cm or more, and, specifically, a large-sized 
structure can be manufactured by laminating this. If there is L of 10 cm or more, the 
honeycomb shape ceramic structure of this invention is suitable also for the field which needs 
large-sized catalyst support for exhaust gas like a diesel rolling stock. 
[0130]lt is preferred that there is thickness T of 1 mm or more of the shaft orientations of a 
puncturing cell from a manufacturing reason, a crack of the cell wall 4 etc. decrease, and the 
yield improves. 

[01 31]lf it expresses by modular thickness / major-axis ratio (T/L), it is still more preferred that 
T/L is 0.5 or less, and it is much more preferred that T/L is 0.25 or less. The structure of 
arbitrary sizes in laminating the module which has a relation of such T/L, divide in a 
manufacturing process (especially under honeycomb shaping and sintering) - it being able to 
obtain without defects, such as a crack, arising and, When a thermal shock in use also 
absorbs a shock for every module, destruction can be prevented, and a mechanical shock can 
also be absorbed by an inter module, or a shock (thermal and mechanical) absorption layer 
(**) can also be provided in an inter module, and impact absorption capacity improves further. 
By mixing an inorganic fiber as a module (structure) raw material, of course, a mechanical 
strength, toughness, and shock-resistant intensity of a thermal shock improve, and it is 
preferred. 

[0132]And since thermal and mechanical shock absorptance improve because T/L is 0.5 or 
less and further 0.25 or less, and many modules can be laminated if the length of the 
puncturing cell shaft orientations of a structure is so the same that the upper T/L is small, The 
function in which many differ for every module can be made to be able to bear, or a gradient 
function can be made to have. Cell free passage-shaped design flexibility also increases. 
[0133]An example of the composition at the time of actually using the honeycomb shape 
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ceramic structure of <Example 8> this invention for the engine system of a car as catalyst 
support is explained. 

[0134]Honeycomb shape ceramic structure is fitted in the exhaust pipe (EGUZOSUTOPAIPU) 
which connects an exhaust gas discharge tube and an engine as catalyst support. 
[0135]Since arbitrary large sized products can be easily manufactured by lamination and it has 
thermal shock resistance as uses other than automobile relations, it is suitable also for the 
catalytic reaction apparatus of the object for power generation, the diesel-power-plant gas 
catalyst for marine vessels, and the chemical processing plant. It can be used for a bioreactor 
etc. Since a catalyst function which is different to each module can be given, it is suitable also 
for the multistep reaction device (multi stage story catalyst device). 

[0136]<Example 9> [0137]The honeycomb shape structure of this invention can be used as a 
ceramic metal composite-construction object combining a metallic material. For example, the 
peripheral part (field) of honeycomb shape ceramic structure can be covered with the metal 
plate-like object made from stainless steel, and intensity and toughness can be raised as a 
tubular body. Intensity and toughness can be raised also by making a peripheral face weld 
metal by plating etc., and forming a sheet like body. 

[01 38] Intensity and toughness can be raised by the structure of accommodating honeycomb 
shape ceramic structure in metal tubes (a tubular body, a tube-like object), such as stainless 
steel. Or it is good also as a structure which provides the honeycomb shape metal structure 
which has a cell in the peripheral part (field) of honeycomb shape ceramic structure, and raises 
the degree of impact absorption more. 
[0139] 

[Effect of the lnvention]The honeycomb shape ceramic structure of this invention is 
enlargeable by modular lamination by being made of two or more modules (claims 1 and 2). 
moreover - since it sinters for every module - thin - a **** cell wall and complicated cell 
shape can be realized easily. 

[0140]Since the temperature gradient between tap holes decreases from input for every 
module when the puncturing cell axial distance of each module becomes short and there is a 
temperature gradient at a heat flow rate or structure both ends, the thermal shock of each 
module decreases and can provide a structure very strong against a thermal shock as the 
whole structure. Thermal expansion is absorbable by the joining section of an inter module. 
[0141]By manufacturing for every module, at the time of honeycomb shaping and calcination, 
the honeycomb shape ceramic structure in which the improvement in the yield at the time of 
manufacture is possible can be provided so that defective generating of poor molding, a crack, 
a crack, etc. may decrease. 

[0142]Since it is exchangeable, even if it damages or gets a certain module clogged for every 
module, only the module is exchangeable easily. 
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[0143]As mentioned above, it is strong to mechanical stress or a thermal shock, and since it 
has the above-mentioned advantage in a manufacturing process, large-sized honeycomb 
shape ceramic structure [ as / whose outer diameter of the cross sectioned direction of the 
puncturing cell of said honeycomb shape ceramic structure is 10 cm or more ] is obtained. 
Desirable forming processes other than an extrusion molding method can be used for the 
outside diameter size, and if it fabricates from the sheet like body containing especially organic 
textiles, 30 cm or more - 50 cm, and the thing of it that amounts to 1 m or more depending on 
the case will also become possible. The size of the shaft orientations of a puncturing cell is 
made for a long time to infinity as a matter of fact (above claim 1). 

[0144]Like tabular or the shape of a disk, a modular gestalt is a thin thing relatively, especially, 
has an advantage in the above-mentioned manufacturing process, and can incorporate various 
gestalten and the module of a function in one structure (claim 2). 

[0145]lf it expresses by modular thickness / major-axis ratio (T/L), L will specifically be that T/L 
is 0.5 or less in 10 cm or more, . The structure of arbitrary sizes should divide in a 
manufacturing process (especially under honeycomb shaping and sintering). It can obtain 
without defects, such as a crack, arising, and destruction can be prevented when a thermal 
shock in use also absorbs a shock for every module, A mechanical shock can also be 
absorbed by an inter module, or a shock (thermal and mechanical) absorption layer (**) can 
also be provided in an inter module, and impact absorption capacity improves further. Since 
many modules can be laminated if the length of the puncturing cell shaft orientations of a 
structure is so the same that T/L is moreover small, the function in which many differ for every 
module can be made to be able to bear, or a gradient function can be made to have. Cell free 
passage-shaped design flexibility also increases. Thus, since the honeycomb shape ceramic 
structure of arbitrary sizes (the direction of T) can obtain easily by a major diameter (L), it 
excels especially as large-sized catalyst support as catalyst support for exhaust gas of a diesel 
rolling stock, the object for power generation, and the diesel power plant for marine vessels 
(claim 3). 

[0146]For every module, in different module shape, for example, an outer diameter, length, 
and a puncturing cell, the degree of cell, cell wall thickness, the number of cells, the spacial 
configurations (tapered shape etc.) of a cell, construction material, etc. can be changed, and a 
variegated function of a different kind can be demonstrated as one structure (claim 4). 
[0147]each module is laminated so that a cell may penetrate to shaft orientations (free 
passage), and the communicating hole of this penetrated cell can be formed the letter of 
zigzag thru/or in the shape of a curve (spiral - stair-like). By this, the contact nature of the fluid 
which passes a cell, for example in the case of a catalyst device, and the catalyst currently 
supported by the cell wall can be increased, and it excels as a chemical reaction apparatus, for 
example, catalyst support, (claims 5 and 8). 
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[0148]concrete - the cross section of a puncturing cell - a circle and the same module - the 
shape of the same axle - rotation -- or -- laminating alternately - said abbreviation - a 
communicating hole [ ******** ] can be formed easily and mass production nature is high (claim 
6). 

[0149]lf an impact absorption member (shock absorbing material) is formed in the plane of 
composition of an inter module, or structure both ends and a module is joined, it will become 
honeycomb shape ceramic structure strong against mechanical stress (it pulls and 
compresses) and heat stress (claim 7). 

[0150]Since specific surface area is large since it has honeycomb structure, and it has a 
modular structure strong also against a thermal shock, the structure of this invention is suitable 
as a catalytic reaction apparatus (claim 8). 

[0151]A different function for every module can be given to shaft orientations as an advantage 
of modularization. For example, each module which supports the optimal catalyst for business, 
such as particle adsorption, HC, CO, and NO x> can be combined, and a compound function 

can be demonstrated by one structure. Such composition is dramatically excellent as catalyst 
support for automobile exhaust of which the catalysis from which a thermal shock, mechanical 
stress, and a kind differ is required (claims 9, 10, and 11). 

[0152]By combining the module which consists of quality of ceramics, The particle diameter to 
which it sticks with a module when using a different function, for example, a dust exhausting 
device, Density etc. can be changed, the module which consists of the quality of ceramics of 
high intensity can be used especially for structure both ends etc., and it can be considered as 
the structure which has a gradient function in the shaft orientations of a puncturing cell (claim 
12). 

[0153]By calcinating organic textiles as a raw material and sintering a structure, Organic 
textiles at the time of sintering than the micropore of the angstrom order which the quality of 
ceramics has by being burned down, [ larger ] The sintered compact which consists of a 
porous body which has a hole of micrometer order can be manufactured, surface area 
becomes large, it is suitable for the diesel-particulate filter of a car, and heavy loads, such as a 
diesel engine, can also be borne further. For example, also in a chemical reaction apparatus, a 
reaction surface product can be extended and reaction efficiency improves (claim 13). 
[0154]lt is not burned down by the amount of inorganic fiber after calcination, but since the 
honeycomb shape ceramic structure calcinated from a ceramic raw material and the raw 
material which uses an inorganic fiber as the main ingredients has the strong support power of 
the quality of ceramics by a fiber, its intensity and toughness of a structure improve (claim 14). 
[0155]The honeycomb shape ceramic structure wrapped in the sheet like body or tubular body 
which the peripheral face of honeycomb shape ceramic structure becomes from metal can 
raise intensity and toughness (claim 15). 
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[0156]Although uses other than the catalyst support for automobile exhaust have flue gas 
treatment apparatus, such as a bioreactor, a water purifier, a wastewater purge and a factory, 
plant, a marine vessel besides a chemical reaction and the catalyst support for decomposition, 
etc., it is not limited to these but there is a still larger use. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]Drawing 1 is the honeycomb shape ceramic structure 1 of the example of this 
invention, and (a) shows the strabism penetration figure of the honeycomb shape ceramic 
structure 1 , and especially the puncturing cell 3 the strabism penetration figure of a 
honeycomb shape ceramic module and whose (c of (b)) are the sectional views of the direction 
of c-c' of (a). 

[Drawing 2]Drawing 2 is shown and the manufacturing method of the ceramic raw material 
sheet used as honeycomb shape ceramic structure and its raw material (a), The manufacturing 
method of the honeycomb shape ceramic structure according [ the manufacturing method of 
the honeycomb shape ceramic structure by the pipe banding-together method and (b) ] to a 
press-die omission method etc. and (c) are the manufacturing methods of the ceramic raw 
material sheet by roll diffusion bonding. 

[Drawing 3]Drawing 3 is a strabism fragmentary sectional view of the honeycomb shape 
ceramic structure 1 . 

(a) shows the three-dimensional structure of the puncturing cell 3 formed stair-like, and (b) 
shows the three-dimensional structure of the puncturing cell 3 formed ********. 

[Drawing 4]Drawing 4 shows typically the cell wall 4 of the tabular module 2 laminated by 
shifting the phase of a puncturing cell in the honeycomb shape ceramic structure 1 , and (a) is 
a top view of a cell puncturing side. 

(b) is a side view and the arrow shows a part of flow of the fluid typically. 

[Drawing 5]Drawing 5 is a top view of the cell puncturing side of the honeycomb shape ceramic 
structure 1 . 

Some cell walls of the module of the shape of a disk disk laminated by shifting the phase of the 
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puncturing cell 4 are shown, and the module in which (a) differs in puncturing cell sectional 
shape, and (b) laminate a module with same puncturing cell sectional shape, respectively. 
The 1st step of cell wall 4a shows some cell walls of the module of the shape of a disk disk 
laminated by shifting the phase of the real puncturing cell 4 altogether. A solid line shows 
altogether the 1st step of cell wall 4a, and it shows the cell wall 4b of the 2nd step of module 
by the dotted line. 

[Drawing 61 As a laminated example which made the honeycomb shape ceramic module 2 
which is one example of this invention support the catalyst from which a function differs to 
drawing 6 , The exploded view of the particulate (particulate matter) filter (PF) module 2a, 
heating element module 2b, the catalyst support modules 2c, 2d, and 2e, and the honeycomb 
shape [ ** and others ] ceramic structure 1 is shown. 

[Drawing 7] The sectional view of said honeycomb shape ceramic module 2 which is one 
example of this invention is shown in drawing 7 , and module length L of the cross sectioned 
direction of the puncturing cell 3 and especially module thickness T of puncturing cell shaft 
orientations are shown in it. 
[Description of Notations] 

1 Honeycomb shape ceramic structure 

2 Honeycomb shape ceramic module 

3 Puncturing cell 

4 Cell wall (cell frame) 



[Translation done.] 
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[0 036 ] c©J:^ftM^^-ct, fit*/* 

An&Un&©aU»KJ:&Miffm©NHKJ:9iB{t 
©^ffiifc. feJHI©*^t (H2;us©r6j±) ictem&fr 

+^ftti«^S ; Srff^C4*sr*ftA^/c. * 

jc. -b;m^isi«:ft^:ftflijs) -rnsi^wf4©»tt 

JHt©m±) tiiBg**«©«aW4©SMb^WS«©-bil' 
tt©WM0P»©KHitt DXffifb»>B*rc»o^ 
[0 03 7 ] $ ffUA3NMf©Rfll(C»^<Stan 

[0 03 8 ] MMHHBKCftttt«±tf 
B> WSHf*©A^b> *St>BH2;i/Jf©W^b«:j:o 
•Cfflf^waffia^Etf *C 4*fci»4ft^r < S. S L 

r. jfi^fflw±©fc»Katt»©»//*ffl«tt-«i5 



7 

comma. ^?ftb*9mm-c$>>>), co^ftssy*: 

[0 0 3 9] #&W©^-=-#Z.tt-fe5 5 

AlHb. *JWf©»ft{t#WtBT&D. ±E©»^j« 

[ 0 0 4 0 ] H?L-ir;KDli*r6]{C»)i L/T^fSW 10 

[0041] ffim»&-»-et£t£< , Mst©*^*-^ 

facc*i 0 r ©«ap *>6 amp fflcQumm w : m>t s © 
r. ffl*©*y*-ji/©?rffigt*Md>-f*„ $/c> pg?L 

[0 04 2] c<D£>>rj:, gfRHz^©8t»r#fi©fi&# 20 
At < *^?L-fe^©tt^(Sj(cSH,^^a -)\>frhUZ> 

«S hRWB© (ra?L-fe.fl>©fl$»T#iSJ©fig#A* < *> 
oBf?L-b;KO||*ifij«:W(,») fllfittteJt^T. 
-jl^/c9©Sg£ #/M<. M®®ic£ 

[ 0 0 4 3 ] *fc. figj&i*& < *>oj»t>fl|JS(*4-ft 

[0 044] L#>U #f£W©*i^-^rt>6ft6$j* 
V$><0 (^{CH2;HJ|^|^©Jf3*iffigtCjHRoJtE) . ± 

[ o 0 4 5 ] wk. AS, £f*£ tr^Wi,>fllJift©Ji 

40 

[ 0 0 4 6 ] H£»(Cli*«&tStt&(,> Lt 1 i>tK£ -r 

ty a -;Hi, »s t< B^-^MK-fe? 5 

-;U©ra?L-fe^©«l»r^n*)©SSL*i 1 0 c mfcU:. X 
BPg?l-fe;l/©«|^|6j©Jl*T*l0. 3-1 cm, XBJI 
&/SSJ:b©T/L#0. 5OTt*S^-*A«t7 

[004 7] £/c, #jgf*£&T*^»-.rt'©J(?3Sl/<<> 50 



1 2 46 0 

8 

-^©fltwrafflofigLas i o c mtLL nn-fe^DN 

^|fij©J?*T*il mmtLb, W*/fiStk©T/L*i 
0. SfclTt^-S^-rtAtRHz^S », i^jgfrC&S. 
[0 04 8 ] 3 6{C, fllSttfctt-r*^ -■«'©*•)» 
*l/(/>3^»©l o«, ^AA^-fev; .^^*>' J .-Jl/ 
©JI&/fi&J:b©T/L# 1 / l o«T> 3 e>«:» £ b 
<«T/L*il/50-l/l 0 0MTV$>6"~*!& 

vtt? $ * >mmv$>z>. 

[0 04 9] COJ^tlttWtCj*/*©*^*--^*:^ 

HgtT S ft o fcA fif 3 ©tfHtft £JfJJ?£-r S C £ #T * 
S. *fc. US. £«©»«& •««*«*.S J &5>*-.rt' 

[0050] s/c, *#EWf». *j/»-;nai©s^ap 

[0 05 1 ] -ofCB. a»©*^a-JH&>6a4fllJ6 
«t**E»U mtfa»»Sf*^ffl«Hiffl»©«^«: 

em ©x y * h ^ w ^{cHffi-r *> . 

[0 05 2 ] C©«t^{C % ^^^.-JUA^ife^tgjSf* 

«. ^^©©iRS^^tcA^i^r, fi£««MK» 
©ffij&T/jNS^P-^^x?^ h©«*(caffi^©A# 

5 ^^©tbl5WI^5g^5! (sxio-VC) ©A#^« 
©«n*:«ftt*fco-b5 5 »*«?4©^i*Att-b9 5 
[0 05 3] Sfc, #*^a-^«-feJl/*J*^|6j(cRii 

ii?Lt*. mmmxte/Rviiinffcrz-tefrmiimw 

tt5?y-!f ft#J{C^3ti5«3§> *4l>B»«s©»W • 
*©«)gl/**f5«fc5&flHStt. ii»8#©^ 

»i ft 0 > «£(*©E*«^*^ft < ft Z J: 5 ftt8ii4>W 

»©*y*-;l/{b©A*ftfJ^i'C*S. 
[0 054] *|£BJ(C J:ttB. S*^a-JW?r|4^WC 

[0055] Sfc, •te;l'W*i*^0-ro^fbS-tfaci 



(6) 



[0 05 6] £ 6Cc, ti/a-MbcDjpJ^tLr, «i# 
iaj«:»*y»-;M5K:ai5cs«l«%^iSc£*i'C«f 

s. «*.«. atw«*. hc. co. No x mmtcm 

t?*«. -tts-e**©?. -feii/rtawc. Rxjf? 
mcwt o fca - f - -< > ^ssriaw s c i 

0, *!ifc-b;HRlWiS|K:«ffiOfltt*-b;l/«*lSJR-rs 10 

»fcitMoaflWHKO*»fffll (©JR. (R#) Uc(,> 
©t\ *setttt*^-7rb*5. 

[0 057] CftCt^oT. feftKiS* 
[005 8] *8ffl<D»~iJ&tti>7 5 7 ?fi|j£<*«> 

^s*6«:*iwa«B»fflft. '<<f*y7**. nanism 

[0059] 

[JtftMl 

s » i <D^m.o-wm<DW^^wm a. * 

3 -v^-f x^-f hSJfefflffiiS 



-12 460 
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( a ) B. ^i*A«*9 5 7 1 ©ttttigjilS 
7*0, (b) U^h X:7tt©^-2;A#-tZ7$ 7^ 

y -)\<<D&mmMm> ( c ) « ( a ) © c - c • ^isj 

[006 0] BP*i. H2JI/S4 &CtttfJ6Jl£$©0a?L-lzJU 
3*i*S (01 (c) ) . C©<fc5ft0ra#tt©M?L-fe 

ji>3£W^*^-#AtK-fe-7 s ? **i;»--JU2 (rji 

(b) ) #&» dgt?«5ffl) Mn^nri^ (01 

[0 06 1 ] <HJ6W2>*l6W©^i*At^-fe5 5 9 
**y*-j|/2©»^77tt*»^;feK9i-»-S. fit. * 
^©^^^-JHi^HJSWieiSoSljS^ffiJcK^ns 
*>©•?«&(,>. 

[0062] — 3tt, if WJSJ^T**. 5 v ZWfL 

©WiBgttK:»j&rSfiS»ffly'f^*fflLTfl>LaH/-c 
[0 06 3] 311 a-?*-* 17^ h*tfe©li)S; (S 

fiso^) £«Bsaaa©Ri«©-w*nK-j-. ctie. 

[0 06 4] 







Al 2°3 


HgC0 3 


BaC0 3 


PbSiOg 


$i $L ffl S 


(%) 


76.0 


25.0 






10.0 


10.0 


1 ,288 


0.2 


72.3 


21.9 




5.4 






1,343 


2.2 


67.9 


14.7 




17.4 






1,288 


13.4 


41.0 


44.0 


15.0 








1,316 


9.1 


41.0 


44.0 


15.0 




10.0 




1,288 


1.5 


41.0 


44.0 


15.0 






10.0 


1,288 


0.0 



[0 06 5] M^T, 112ft. -fevS 9*J8H4£''W> [0 06 6 ] 

y©«S4fia«^©BBff©-«*w-j-. cne [H2] 



(7) «fH¥8 - 1 2 46 0 

11 12 

* y 9®Hb'U >r<DM&Wl$ (wt%) 



* 7 ^ y * # « 


*4>? 




n - ^ x 7 ^ K 80. 
7*9 4 \ 80> 
$ *80 


* to ft**** a 

10 
10 




3-^4 X*>f h 

8 0-95 
7 1\9 4 M0. 


5-20 




7 * $ *• 


0.3-10. tf*#V- 0.1-5, 
*tV»r*+ff-*X«*->fA 0.2-10 

mtw-i o.j-io.wr^wfitiD-; o.i- 

10,^r-#A 0.1-10. *©««35. * 



[0 06 7 ] eft?.©, -fe5 5 v *H*4«cBSfcgl<<B 

<B5~6 0wt%©75X h^-f hr*s„ 
[ o o 6 8 ] row:, ^7U>^'j>y (n;uy- h) ^ 
-C*S. flEJB«iSiJ«:j:-3T:niaitt%JIBBOfc*?±*3^ 

•>-nt, #HrexBJi^s/-h*«-r (*) {cl 

ffc-f -£&©"?*>& (0^BBST) . 
[0 06 9 ] HOiJ, 02(a) ©gtsSiaHT^T J: 
9 ft '< -f tfBJRffira S. Affile J: 0 fgjttft 2 2 t 

t^i*2 2 (cfta&, c©«!Ri**tWWS^i/r¥1Rtt©-b 

At^-b 9 5 9 * *y a -;U 2 ©1f«*f# & c i ifivit 
[007 0 ] ES-)tt. 02(b) (OaSCIgBIK^-i-J: 

U— tfftlI«:J:ort»J:l>. fc*. tkWWl^>- htt 
ft (:/□?*<*, K-ttr^Blw*-J-Scit> 

£ o 1 1 > -ene. ©?v:k * >- v zm® 



r£& 0 

[0 07 1 ] «WC. #iifr*£j£#7££ tt^ 427 5 

[0 0 7 2 ] 02 (c) CC^-TJ;5ftci-;Uffi 

©ffi. ii^©S^tSfe Ftm-7U4 1rVL XB?' 

30 [0 073] 02 (c) tc^f<fc^ftn-juS(c*j^r 
tt. -fe 7 5 9 * 4 /< -f > #©*!£<* 2 0 SCfW«»S/- 
h2 1£, »DEo-Jl/2 5tCcfc0ffilSfC->-H^b 

mtU- V 2 4 £. 
[0 0 7 4] *fc, fflSKttft*^u^«:J:»)W«BWI 

Ba7H2^*«^4^-*A«|jS*»SCifcT*4 (0 
40 [ 0 0 7 5 ] C©J: -5 tj:jj&T'iB%tltc-& 7;-; f St* 

T*^, ±IB4o©^ffit , ffiffl$n^,Jlf4<5:l>rjiU/c 
[O076]i3(C, t5 5, ^M4i^M«iBi©« 

a, jtsj:b©-0!i£^f„ ftfc, T^s^-^wrnB 

#{Cflf^g©mjS{**^T , #^>„ ttte-B. @^©42 
50 [0 0 77 ] 



(8) t#PJJ¥8- 1 2 460 

13 14 

[*3] 





















ft%£ 


3 0 


0 


3 0 


4 0 


*f ±9.fiC # b 
0.5 


15 -45 


0 


5 ~ 


40~50 


J* ±8.5£tt b 
0.5 




0 


3 0 


3 0 


4 0 


J5f±9 fc# b 
0.5 — 2 






#f± 9 fc»b 
0.5-2 



[007 8] CCt, *2©t|^i|SI^C, «3{Cfct> 

[0079] ^mmmmtizv $ ? * Mf4*>6ss!j»;**i 

1 0 0 8 0 ] */c. «jas«{CW«««Mt*««i>cl/-C-b v 



[0 0 8 1 ] tt*J. «±©7jffi"C«je3nfc^-*Att 

30 K^U/ciiO-C^So 

[0 08 2] «4CC&±©^-#AtK-fe7 5 »**2>a 

t. 

[0083] 



15 



(9) 



-1246 0 
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* 7 * 'yflW (ff±) 



r;p^^, Ji5, tt±, 
m&m <*#7;s3s) 

asanas* *tittn«tF±, 



h-BN 



(Ax) 
til IS , ^ 18^ 



[0 084] ^5 CC, — te5 5 9 

^ a — -fe 7 5 y £ 



t>ftB. cnB«^S^F«:^LJ&i>©t?*^*-JU (fit 

[0085] 
20 [f?5] 







#»<bfc# : fitt * . fcfb'T'f 8 
, S<br;i/ * , Sfb** 
SfbgJU h-BN 


#7**a«*£* 5 A 




: S i 3N4- S i C 
: A 1 203- S i C 
: Z r 02- S i C 


±E^ffeo^jg^^b«?SV/X 



[008 6] fcte. m.4RUm.5t,cWfnbtcte7 5';J> 
JRttf- l-©M4 (**±. /t-f (W«»«Ht30 ) 40 

[0 08 7] S6«c> flBSBiKc-fevS 9 f«»%*tr«B 

at. jBsaatcfta. so 



[0 08 8] <HJg^)3>^-*A^-fe7 5 ?i>*5?» 
-;l/2£, *©H?LH2^3*Hia-rSJ:^K:«»8WH> 

/eft*. C*iCCR6h&(,>. KHftttK, Bfli& 5ft 
[0 08 9 ] *y*-JUra©Jg£©{±#«:o(,>-CB. a 



(10) 
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[0090] ziow, 2 ©$f-Ha$*&*y* 

T. ^^ftftl^i^-Jl^BfteOP^^Stifc* 
[0 0 9 1 ] HOB, S*i> J .-;KD-b;l'#4(D-fe;I/M 

[0 09 2 ] i/c. l/T, *y»-;HBKCfR 

Fe-Ni-Cr. 

[009 3] H^B, 3Hil>-rc>Sgg?LH2JU3©^)5:< 

-Ji>©*t&S<r (pJfflttiWT*) ©SPg-C, C©<fc5fc 

±ffi©8t=rSPW£fltffl or fc J; i». 
[0 09 5] ft*. Hirtt. ftCfiS (HTL-b^©* 20 
. IMS, |SIP§?L-feJl/©*y*"Jl'2?:fSlLr^ 

[009 6] <SIS6W4>«ffl'r5Pa?L-feJl'3©3^7C 

41m Hfttt-rawi/roso-c, n?L-fe*tt. M?L 

[009 7 ]13«, ».-t)hJ$Mv 5 ? *fljjgf*l © 
*«!i»#KrffiH-C* 0 , ( a ) BBftft (RgtKHRl-fe 30 
;l<7), (b) B5-fe>tK (•7-tz>ttB8?Uzrt<8) 

tifcHa-b^ 3 © 3 >X7tm&zmt. 

[0098]ftte(a) (tfcl^TB, 0ffi©<ES±Pft 
*y*-jurt©gi«*«ttOTR5Bl/-a>.6#. -fen>fi 

*i0^©i*J»3ffltt,^^K:«, »l|©*^a-JU© — ?© 

■feju«, igty* -Jb©jf |fc©-te ;u«:^ji-r s ciic 

[009 9 ] c©J:5«:H?L-b;W3©3iJWcflBS*W5 
■te>tt («Stt7X«5-te>ttH?l-bJW8) KJBfiWS 
Ci*i-CS6. *©*j*B. 7-b>ttMH-feil'8«:fcl> 40 

5 9 y*-* 2 SRHC. $<l>B|i]f4± 

{C^LorJlifE (iEiMPf^TSJ) ftoT. flgtt 

^fcSofctWr. rtflB©W?L-fe^3BiHSHCc*i&7 
■b>tt{caaLTt><. CO/cS!), 1 £<*©&« 

BSCtoSfK. &91X&i>ts9a%tt©&fl^£i«t, 
•C. WiBHttStfflftOtB^KB. -S(*8l©jiia«(*CC 



<$ffl¥-8 - 1 2 46 0 
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[oiooisifc, »®K4(,>oajtt»ftttm^i© 

5K.*l?»-)\,2immbX®3 (a) ©Jr^cPgMK 
[0 1 0 1] t©RKtt©ti}j*B*«#rffi#0MJ 

©Mi^A^-fevs * v**j=.-)\>zK.%ki,tc. mm 
©JiW7ffir*s. 7-fe>^?Hz;u8B, i«cw&# 

[0 10 2]H4tt. /^*Att-b5 5f i»«fi#lCC 
M?L-kJU©(itl*f6L-CS)i$n/c«^©* 
S^~Jb2©-tz;USS4£gl5Sfl ( jCtinU (a)B-feJl'M 
?LS©¥ffiEt?* <0 . ( b ) BflMffiHT* 9 &EPB»tt 
©figti©— gP*^SW«:*l/Tt>S. lSS©-bJl«4 
aB^rHi^r^b, 2SBffi*i/^.-Jl'©-b;HI4 b 
B4 a £j£ftfi<JK:£g-f <Sft-»TJi*.3MD rH 
*©»£±tfmB*AftT**. ft*. Pi. P2B** 

lgg. 2KB©H?l-feH'tr?**ij*l/Cl,»S. 

[oiosjhsb. /^Att-fe^s -jtmmwi © 

•bJUPa?Lffi©¥S0f*f) l H?l-fe;l/4©ttffl*-r6ly 

SBfc^L. (a) BH?Hs*KaHBtt*Wa4 j eya- 
(b) BH7L-fe;HBffflJB«*iPiI-©*y*-*S:* 
<?mif0/c *>©■?#>■*>,, lg@©-fe;Hl4 a«4tH8 
T^U 2g@©*^a-;u©H2;Hl4 b \t^M~cmb 
-cm. i8B£2KB©H?Msji/tf 3*B¥S#i5i. 

ttfllfift <*5?»-.>U> «-C*>), f^Bttflft 
[0 104] 14MI50A-*Attt7; v £titi£ 

# i ©j: -5 «:> ^B*a • n«*ifi»c*<j pitf L-tz 
^f ^To-r^o-rffl/f-rnB. isa©*i?»- 
;u-cpg?L-t2 ;i/©W»»*aii 0 fcjsicft 2 a B r B-b 
^©tt^tcSSHtLT (3. , SS<*© 

■fe^S4i©»itttt^3&«e»io. o*>fc, H4 (b) r 

6 >©T??J!Ef*©E73Ja^B^ t- \ 

[0105] c©j:^{c. »<*a»Bn%aa-rsB8?L-b 

[0106] s/c. t^^-^jsaJi^sp^aai/ 
yt»ft©s^itac ») . as. «#*«u-Kfts. c© 

J:5ttfltfiB. MMHift9©fti|SSJS«B. <B(cgE#x 
[0 107]f/c 15 (b) Kmt&'jUffiilWffi 

mwTmzmmrzctttvzz. <io. BTL-tJH** 



(11) 



WW* - 1 2 4 6 0 
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[0108] tC6V. -fe^S («0 4«. 

•feJUUfO. 2mmt (iftO. 1~0. 3mmt$-CnJ 
m . ZmmDOJ:^. -fcJl4WV< 

[0 109] <XMM5><RiC. /xifcAtt-fe^S 

^s^s-tv >y (t-t^s^) iir&ctifiib 

[0 1 1 0 ] T-ibS^n-fv >yd (tf-^n-h) 

at. (»«. fi. m^m-cm 



20 



^ t<B±IB7Jl'5t3-f^ >yji±(c > CVD, rS 
■5. 

[oiii] ^(c«ffla*stf»L,r{t^srr>»*i±^ 

8<*. &*. Mttl 0BWSI©ttAl©)iiLTT 

io A0T#o7JUs*«©iWB£&0-a>SC±#£ 
[0 1 12] <Hte0!l6>*||JS«»Ir«*y»-JU2S 

K«8B©a&s. MMimmatc. 

[o 1 1 3 ] tsetc. ]t&iR£tttt©a£i mm. Rjy 
tift©-««i4^-r. 

[0 1 14] 
[*6] 



ft* 


an 


8 ft 


Pt-Rh* 


NOX&tg* C 09 

<tucm<t 




Pt-Pd* 


C OKfbs H CKfb 






NOXStc 


r^^O, A7>f K 7 



[o 1 1 5] *7(c. $&mmMM<D9M. mm, ao io i 1 6 3 

ffl#0-W*^T. [SI 7] 



«fflJ¥8- 1 2 460 
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mm 


mm 




Mn-Ce 


N 0 jfi7C 


7*5*-, * ;i< 5^ * ^ h 
7< K f ^ > R 7 ? 


M n 5 % 






C obl- 
(Mn-Ce) 
-1~80X- Ca 




TJVii-. * )V ? + A 

v -f K 3-f-f x 
v <f K * > » 7 * $ 


L a » S r > 
C a , C e * 
Z C u , 
N d » M n x 
Fe, 






C u , O 
(fifi) 




* -f K ^ * > & 7 »S 



(12) 
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[0117] zt&mmMMt it, #±si7aR*R. 

*£teJR*T (Mn. Fef) . VtXf7*>U X )±38£M 
4D (Mg, Ca. Sr. Baf) TSi. R,.»D,T 
O, SUMAte. if5«ftjt£ll7£fft£{£ffltf 

-f$f£U>. ftte/tf*0<«x = o.i-~o.6©$EB-C* 
0. 3 6Kff$L< tex = o.5tt£-C£>S 0 
[0 1 18] *fc. NOxS:3tt*»ec|»*f SftWIiO 
T. -te'^-fr (MA.I£ZSMS) (CCiT*F-:/L 

r«R8fflaaft8oo^ioooPC'CN,x»c cura^-c^f 
s c t cc j: xm h ft s c u , ojwsfcttRj-r s c <t & 

[0 119] H6fc±K©J:5&*te©H&a««*ffl 
^**U-r (tfitf-ttSJft) (PF) 



[0 1 2 0 ] *y»-;l/2 att, ■< to*? 

ig) *3&J«F*Lt>*tt-C*0. Sfc3-f^l7^f 

[0121] *V>*.-)\rZ bfi, ^SjH**^*-^* 
0. T i C*Sl>ttB,C, S i C, MoSi*>6W 

(,>. C © * ^ » - ;H*SS (C <fc 9 &*l L T teW&RVTS 
ft»KSf©»ttttHHilff *tr ft l > » £ fcWK*^ * 2 

atri»sftfciii»^*«fiSi»* , rsc<tfe-cfifa. ft 

[o i 2 2 ] *i>^-;P2 cis. mtmm&x-m , 
-mt^xpt-ptmmv&z, co. hc«*» 

itbx> co.x^H.oiL-rtiWbbri^s^s. 
50 [0 1 2 3 ] *V>*-)\>2 dti. MM$!&m&X'$)t)> 
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N, i LXffigittZ. ChlClZ-ffltLXRu 

[oi24]*y a -ji/2eij l =7zfmmfc-v$> l o. 
-mtbTPt-RhfcMMvibz. co. nc^zm 

{LOT, CO,X«H,04U ^oNC^ItcLTN, 

[0 1 25] *y»-;l/2d, 2 e«jftgtO&D3 6K: 
ij*Xttte©*^»--.>l/4UTfflt>S. ±!30ii^CC*J 
1>T, Sty a -Jl-2a, 2 b, RO'2 c«£>S(ClBD 10 

E^©iS[a*a-c ffli » s c t ««■ *> g v b a ^ t team 
[0126] &*$. #*y*-;w2ttia#-r4*fti!«© 

[ o 1 2 7 ] *fc. ^tsrtaaftT-ottt? (as. ssa. 

tfcftlBfll) tci£ or, HzJWL3ffJtt, fe;Herffl^tt. 

T-#£„ 20 
[0128] <HJSWI7 >07 K. *!6W©— SSttWt? 
*.2>BfilB^^*At«:-fe7 5 4>*i>*-.il/2©»iffiBI* 

[0129] 0in©£MC JrbRWH^ttlRt^Xti^-f 
xd>tt©*y*-;i/*saisnr&SC£*J. $ffcBjj© 
flHg#K£0»*U>. tttf&6. «?KH?L-fe;Uil#|6i 

©H3T*iii>fc6. c©^[fij©fiK^/h$ < aao-r 

SJir* f? . AS ( L) ©*y * -;u 2 Srgiifclsijif 30 
i?»-;U©HWUs*©1MW^©ftaL# 1 Ocmtll 

s. 

[0130] «jfi±©aS*»6M?l-fe*©*fcfr 
fa©J?&T#l mmJ-Xh&£©;W$t/< . -tz.>Ht4© 
*Ma9#il>tt < & 0 £S * 0 #|6J±ir £. 40 

[0 1 3 1 3 *^»-;U©/f*/SSJ:t (T/L) 

T/L#0. 5WTt?**C4*!$6tCWS 
0<, -e-L-T, T/Lrt^O. 2 5OTf*2.C£*5-Ji 
WU>. C©«k V«CT/L©ffl»C&£*i>*-.>l'£ 

sw-j-a c tra*©** <?©«$*&(***, wais* 

£*s-Cl?St. *$t>«ffi* (MU& • ttfftt) RWI 50 
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/UM«fffifi& «HttS0W«W«lS*«iSi± 0 TSf $ b 

[0 132]^Ur. T/L#0. 5WT. 3 6K0. 
2 5 «Tr*S C £ -C^W • ««mff«RiRtt^«|q|± 
0. *©±T/L*J^3C»g«*ia»Jfi»©P8?L-fe;l'tt 

#ffl©ft s tjr*n«3H»©*y » - jwaswir * 

S©T. *^»-jU«fc£<©l*&S«iB4llbtffc 

»tt©i21ti*K*>tf-!>\ 
[0133] <HSS^18>*^©y>^^AttH2vS ^ 

[0 134] gf»#XJ&ffl££x>i>>£atfS-r*gf£i 

[0135] ttc, m&m9b&.ft<Dmmt orw. at 

{t*^5>h©«M«Sl£«B«:fcao-ci>S. $ 
[0136] <Hl!iS^l9> 

[0137] *«W©^x*Att«Jfi#%^iIttf4£itl 
^Mtt7 i ^-^I^il(*tt*C Wit? 

(ffl) «r^f>UXK©^fl|«ttfrC<4*»K#4l/ 

a. 

[0 1 3 8] *fc, Xf>UX^©#il« 18! 

i»t»JS<*©^SP (ffl) lcWLWC£*)9jm<RW£Z&± 
[0139] 

S»©*y»-;u*>6-ctn>l>c<!:Cc«J:-5-c. * 
y » -;u©8tB«: <fc o r^S<t*« S (SWOB 1 

so'2) . &*^*-ju#cc«Eie-rs©-c. »^ 

[0140] i/c, §*t?a-;U©Ba?LH2JHft^|Sjffil8t 

«. * -;U«{c«ftAP*>6ffianFa©SSM*s« 
^>-r*©r. ffl^©*^*-;u©^ail?««ii>l/T. fll 
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[0 14 1]$)^ *Z>*-)imc$i]ktZ>Ct<iC£i 

C*£©XRSI6£* W 5 «t 5 «c , bp turnouts i 
*. 

CO 1 4 2 ] ^ya-JUSKXftUIB'C**© 

r> *a*y»-ji/jW«!iRttate*0l/rtS»«:. io 

[0143] W±cfc 0 . ^ftStWE&^^^fKSSCCSS < . IS 

5 7 *«|jt#CDH?L-fe;l'OKlB*rSl©^*» 1 0 c mJi( 
±f *a<fcStt*SS©'v=-*Att-fe5 5 9 f«HS»3»i» 

HS(t*>6Wn«3 0 cm«±-5 0 c m, t&^tC 

H7L**©ttim©*&tt, *HhJ»{IH«:fi<'C*4 20 
(6UJIW0JI 1 ) . 

[0 144] *S?»-A©»»tt. tStfcKttT 1 .* 

j6XStf>©;MMi*WU WB©*5?»-A- 

%-o©«Jg#ttiK«0ii«>S (lt**2) . 
[0145] MftfityCtt. *i>»-Jl/0/»*/fiStt 
(T/L) -C^S-rtHi. L# 1 0 c mtLbTT/L# 

0. 5«TC**CiT, &*©***©*»*#«. H 

mum* v®tc»-*Amw> «*st>> own. 

«®^#£C&££ft<ff* <£fflf©& 30 
ffiH 6 * 5? » - ^ufftc JWl%«jR-r scitCcto r 

twactai-e&au *sc^««K (inn- mm) 

©iRJf (M) **^*-;HBHcRW4Cifet?*«W!R 
«HB*BS6«:ifiI±-J-*. *©±T/Lsfl*/hSl»8W*. 
HC«attOB8?L-fe^#*|Bl©fi3*|3IC-r**itf^»© 

5tC, AS (L) rflE*©*S3 (T#ffl) ©^-#A 40 
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(»jI) t6J;^cil?nti>t. c<DMMbtc-b)i> 
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[o 1 4 9 ] *fc. *v>*->\'mo>m&wtcx&im# 
tiww^ ffi&i) som* 

7) . 

[0 150]ifc, ^i*A«jt«rWj"S©"CJ;b*fflfll 
*»M©ffljsmi^««SicS^S<tL/rau'r^€ 1 (W# 

m) . 

[0151] 3 etc, *^ a -;Wb©*iJ*4l/-c > 

SSfi^®*. HC, CO, NO,*fflK* 

1) . 

[oi52]^e>«c 5 9 £>j»a>6&&*i^-;i< 

S©-fe5 s 9 ^W*»6ft6*s^»-^tffl(.»6«: £*^r 
SC4AiTlr^ (M^91 2) . 

A*-^©SMffl?U:i3A#<,v v^;?p>-$^-^© 

s*j)A<^f). @s&*©Sf**^?f{b^s(caL. $e»fc 

T, gj6Jtt**J(5l±"r S 13). 

5 9 f K©^**i*l»©T. 1«jfi#©5HS<>«ltt*il6) 
±f S (W3J8B1 4) . 
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» -;K3?^41S2aS, (c)B(a)©c-c* 2f[6)© 

[S2] B2B»i*A«t?s »f «a#acf*©jR 

(a) B, /^^tSmffifCj:S^-*At^-fe7 5 7 J« 
JW*©H«^ffi. (b) B. /U^Sg^afK<);5;> 
s 5- **j6tt©«im (OB, a- 

[03 3 03B, 2 »**»ttl©*ttft 

SP^»Tffl0-C* 0 . ( a ) B, «gH*(CJf5JS3hfcH?L 
■fe*3©3^flKi*>SU. (b) B, ?-b>mctim 
ZhtcmLt* 3 © 3 . 

[04 3H4B. v 1 K*Jt> 



*-jU2©H2;H!4?r«iCWCC7nL/ > (a) tt-feJUHftffl 
©¥B50r#> «3 , ( b ) Bffli|ffl0-e* o ^EnBSSf*©* 

4l©-»*««W{C^0-Ct>*. 
[05 3 05B. ^-*AtR-b7 5-vi'fl|JSftl©-b;i/ 

US tifcTOS-f ■< * i>tK©*^ * -*©* ;US©-SB4 
t*U (a) »IHl*rt*llWtt>(W&4*i?»-Jl'. 
(b ) BMyL-bJUKiiHgtt^-©*^*-^**^* 
■ Ufc4>©T*4. lK@©-feJl/fi4att£T*W?L-fe 
10 ^©{itlfct^Urajf SftfcR&f^X^tt©*^ 
*-;U©-tz;Ht©— g|J?:^-r„ 1 K@©-feJHS4 ali4 
rjlirr^U 2©g©-*i^-;i<©-fe;Ht4 btt*!8 

[06 3 06CC. *»W©— *WWt?**^-*Att-b 
7 3 »^*y*-;U2K«ffi©aaSftB«*!ffl#3^fc 

7^;b$ (PF)^A-A2a, IBI8H**ya-;l'2 
b. ft^fHHKi>*-;l/2 c, 2d, RO'2e, 
AtfJ-te 9 5 1 ©^J»H*wf. 

20 [07 3 07K. *»W©-mSWt?*SW3B^-*A 
t^-fe^S •^^*^*-;U2©Srffi0 ; &7nU, B8?L-b^3 
©Wtg^fi©* J? * - *ft 3 L £ NTL-te *N£ft©« 
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